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CoAbstract:
Rainfall erosivity is deﬁned as the potential of the rain to cause erosion, and it can be represented by rainfall kinetic power.
At ﬁrst in this paper, the raindrop size distributions (DSD) measured by an optical disdrometer located at Palermo in the period
June 2006–March 2014 and aggregated for intensity classes, are presented.
Then an analysis of raindrop size characteristics is carried out, and the reliability of Ulbrich’s distribution, using both the
maximum likelihood and momentum estimate parameter methods, is tested. The raindrop size measurements are used to
determine the experimental rainfall kinetic power values, which are compared with the ones calculated by a theoretically deduced
relationship. This analysis demonstrates that the kinetic power is strictly related to the median volume diameter of DSD.
Finally, the reliability of the simplest Marshall and Palmer exponential DSD for estimating the rainfall kinetic power is
demonstrated. Copyright © 2015 John Wiley & Sons, Ltd.
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Water soil erosion is a process of detachment and
transport of soil particles due to rainfall and runoff, and
it is a normal aspect of landscape development. The
acceleration of the process through anthropogenic
perturbation has severe impacts on soil and environmental
quality (Lal, 2001). The rainfall erosion process consists
of both detachment of individual particles of soil and
their transport due to the erosive agent. Rainfall erosivity,
i.e. the capability of rainfall to detach soil particles, is the
most important parameter for quantifying erosion processes
(Sanchez-Moreno et al., 2012), and it can be represented by
its kinetic energy per unit time and area, named kinetic
power, Pn. Kinetic power may be calculated by adding the
contribution of single raindrops once their mass and
terminal velocity are known. In other words, detachability
of soil due to a rainfall event can be indirectly measured if
the drop size distribution (DSD) and a relationship between
terminal velocity and drop diameter are known.
For hydrological studies, the DSD usually refers to the
number of droplets N(D)dD, having diameter between D
and D+dD, that reach a unit horizontal area during a unitorrespondence to: Francesco Giuseppe Carollo, Dipartimento di
enze Agrarie e Forestali, University of Palermo, Viale delle Scienze,
28 Palermo, Italy.
ail: francescogiuseppe.carollo@unipa.it
pyright © 2015 John Wiley & Sons, Ltd.time (Uijlenhoet and Stricker, 1999; Carollo and Ferro,
2015). One of the most applied drop size distribution,
because of its ﬂexibility and its applicability in different
climatic conditions, is the gamma distribution of Ulbrich
(Ulbrich, 1983). This theoretical law, which represents a
generalization of the exponential distribution of Marshall
and Palmer (1948), has the following expression:
N Dð ÞdD ¼ N0Dμexp ΛDð ÞdD (1)
in which μ, Λ and N0 are the distribution parameters.
Using experimental measurements of raindrop terminal
velocity carried out by many researchers (Laws, 1941;
Gunn and Kinzer, 1949; Blanchard, 1967; Beard, 1976;
Epema and Riezebos, 1983; Jayawardena and Rezaur,
2000), Ferro (2001) proposed the following relationship
for estimating the terminal velocity, V(D) (m s-1), of the
drop having diameter D (cm) (Carollo and Ferro, 2015):
V Dð Þ ¼ 9:5 1 exp 6Dð Þ½  (2)
The kinetic power, Pn (Wm
-2), knowing both DSD and
terminal velocity relationship, can be calculated as (Salles
et al., 2002):
Pn ¼ 106 ρπ12 ∫
∞
0
V Dð Þ½ 2D3N Dð ÞdD (3)
in which ρ is water density.
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Equation(1), (2) and (3), the following relationship can be
deduced:
Pn ¼ 106 9:5
2
7:2
ρ 1 2Λ
4þμ
6þ Λð Þ4þμ þ
Λ4þμ
12þ Λð Þ4þμ
" #
I (4)
in which I is the rainfall intensity.
Equation (4) underlines that rainfall kinetic power can
be determined if both the rainfall intensity and μ and Λ
parameters of theDSD are known. According to Equation (4),
the ratio Pn/I depends only on the intrinsic characteristics
of rainfall affecting the two parameters of Ulbrich’s
distribution.
Many researchers (Wischmeier and Smith, 1958;
Zanchi and Torri, 1980; Kinnell, 1981; Brown and
Foster, 1987; Onaga et al., 1988; Brandt, 1990; Coutinho
and Tomás, 1995; Cerro et al., 1998; Jayawardena and
Rezaur, 2000) proposed empirical relationships estimat-
ing kinetic power by rainfall intensity. In particular,
Wischmeier and Smith (1978) proposed the following
relationship:
Pn
I
¼
11:9þ 8:73 log I
3600
for I ≤76 mm=h
11:9þ 8:73 log 76
3600
for I >76 mm=h
8><
>: (5)
According to Equation (5), the ratio Pn/I increase until
I=76mm/h, and it assumes a constant value for rainfall
intensity greater than 76mm/h. Wischmeier and Smith
(1978) justiﬁed this trend suggesting that the median
volume diameter, D0, i.e. the drop diameter that divides
the DSD into two parts of equal volume (Laws and
Parsons, 1943), does not increase when rainfall intensities
exceed 76mm/h (Hudson, 1971; Carter et al., 1974). In
other words, Wischmeier and Smith (1978) highlighted,
in agreement with Equation (4), that the ratio Pn/I depends
on DSD characteristics.
This result can be justiﬁed taking into account that the
unstable large drops break into small drops (disaggregation)
(Morgan, 1986) and this circumstance, determining an
increase of the number of drops, favours an effect of
collapse of drops.
For small rainfall intensity (I<76mmh-1), the drop
collapse effect prevails on the disaggregation phenome-
non, and the rainfall kinetic energy increases more rapidly
than rainfall intensity.
For high intensity (I>76mmh-1), an equilibrium
condition between disaggregation and collapse is reached
and, as a consequence, the DSD and D0 become quasi-
invariable. In other words, when the rainfall intensity
increases, the total number of drops increases too withoutCopyright © 2015 John Wiley & Sons, Ltd.varying the DSD, and according to Equations (4) and (5),
the kinetic power is proportional to I.
According to Hudson (1971), the median volume
diameter is the best index for understanding how drop
size distribution is made up.
For Rhodesian rainfalls, Hudson (1971) represented the
relationship between D0 and rainfall intensity by a curve
that presents a maximum point for I≈80mm/h even if
D0 values are characterized by a low variability
(2.0<D0<2.5mm) in the range of the measured rainfall
intensity (25< I<200mm/h).
Carter et al. (1974) aggregated the DSDs measured in
Louisiana and Mississippi for 13 intensity classes and
found that D0 does not increase for rainfall intensities
greater than about 65mm/h.
However, many other researches (Laws and Parsons,
1943; Atlas, 1953; Kelkar, 1959; Zanchi and Torri, 1980;
Brandt, 1988; Lu et al., 2008) proposed a power law for
describing the relationship D0-I implying that D0
continues to increase indeﬁnitely with I in contrast with
some experimental evidence (Van Dijk et al., 2002).
The inﬂuence of DSD on Pn/I values, as Equation (4)
establishes, can be evaluated by ﬁtting Ulbrich’s
distribution to measured DSD. According to Carollo
and Ferro (2015), if Ulbrich’s distribution is valid,
probability P(D) that raindrop diameter is less than D
can be calculated by the following relationship:
P Dð Þ ¼ Λ
μþ1
Γ μþ 1ð Þ ∫
D
0
Dμ exp ΛDð ÞdD (6)
where Γ is gamma distribution. Equation (6) shows that P
(D) is only dependent on μ and Λ parameters.
The mean μ(D) and the standard deviation σ(D) of the
Ulbrich’s distribution are related to the μ andΛ parameters
as follows (Uijlenhoet and Stricker, 1999):
σ Dð Þ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
μþ 1p
Λ
(7)
μ Dð Þ ¼ μþ 1
Λ
(8)
Equations (7) and (8) allow to estimate the two
parameters μ and Λ of Ulbrich’s distribution bymomentum
method (MM1) as follows:
μ ¼ μ Dð Þ
σ Dð Þ
 2
 1 (9)
Λ ¼ μ Dð Þ
σ2 Dð Þ (10)
in which μ(D) and σ(D) are the mean and the standard
deviation of the measured DSD, respectively.Hydrol. Process. 30, 2119–2128 (2016)
Figure 1. View of the experimental installation and cross section of the
optical disdrometer
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volume drop diameter, D0, of the Ulbrich’s distribution
can be calculated by the following approximated
relationships (Ulbrich, 1983; Uijlenhoet and Stricker,
1999):
D50 ¼ 0:67þ μΛ (11)
D0 ¼ 3:67þ μΛ (12)
that allow to apply momentum method (MM2) for
estimating the two Ulbrich’s parameters:
μ ¼ D0Λ 3:67 (13)
Λ ¼ 3
D0  D50 (14)
in which D0 and D50 are the median volume drop
diameter and the median drop diameter of the measured
DSD.
Carollo and Ferro (2015), using 23967 DSDs measured
in Sicily in the period June 2006–February 2012, veriﬁed
the reliability of the Ulbrich’s distribution estimating μ
andΛ by both maximum likelihood method (Equation (6))
and momentum method MM1. Carollo and Ferro (2015)
found that Equation (4) reproduces adequately the kinetic
power measurements specially using μ and Λ values
estimated by MM1 method.
At ﬁrst in this paper, some disdrometer data, detected at
Palermo in the period June 2006–March 2014 and
aggregated for intensity classes having width equal to
1mm/h, are presented.
Then, the analysis of raindrop size characteristics is
carried out, and the reliability of the Ulbrich’s distribution
(Equation (1)), using both the maximum likelihoodmethod
(ML) and momentum methods (MM1 and MM2) for
estimating the two parameters, is tested. Finally, the
reliability of Equation (4) for estimating kinetic power is
presented.EXPERIMENTAL EQUIPMENT AND
MEASUREMENT TECHNIQUES
Measurements of drop size distributions were carried
out using an optical disdrometer placed at the
experimental area equipped near the Department of
Agricultural and Forest Sciences of the University of
Palermo (Figure 1).
This disdrometer (model ODM 70 made by Eigenbrodt)
measures drop diameters in the range 0.05–0.60 cm. Each
drop is separately measured and registered into classes of
about 0.005cm width.Copyright © 2015 John Wiley & Sons, Ltd.The disdrometer divides diameter range into 128 classes
and gives the number of drops belonging to a particular class
for each recording minute. Drop diameter is measured by
registering light damping because of the passage of the drop
in the control volume between two diodes (Figure 1). This
volume has cylindrical shape with a length of 12cm and a
diameter of 2.2 cm. The disdrometer measures simulta-
neously diameter and permanence time of the drops that pass
through the control volume. In this way, the disdrometer
measures, at 1min time intervals, the number of drops in
each class and the corresponding rainfall intensity.
Without rainfall, light signal reaches the receiving
diode and produces a voltage of 5V. The passage of a
drop determines, instead, light damping and a conse-
quently current reduction proportional to drop diameter.
So using a calibration procedure, current reduction allows
to indirectly calculate drop diameter.
A rainfall detector (model IRSS88made by Eigenbrodt),
placed near the disdrometer, signals rainfall occurrence
(at least 5 drops in 90 s) and so switches on the
disdrometer. The rainfall detector is an infrared detector
with a control volume of 12×2.5 cm2. After 60 s without
rain, disdrometer switches off.Hydrol. Process. 30, 2119–2128 (2016)
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features of disdrometer, it refers to Carollo and Ferro
(2015) and Grossklaus et al. (1997).Figure 3. Examples of aggregated drop size distributions characterized by
different rainfall intensityRAINDROP SIZE CHARACTERISTICS AND Pn-I
RELATIONSHIP
The disdrometer registered 523 rainfall events in the
period 3 June 2006–10 March 2014. For each rainfall
event, it was considered only the DSDs for which the
rainfall intensity was greater than 0.5 mm/h and
measured diameter classes were at least 20. This choice
excluded both rainfalls having low erosive power and
DSDs having a small sample size. This procedure
provided 42273 DSDs with a sampling time of 1min.
For each DSD, the total number of drops passing though
the control volume during the recording time was in the
range 50–9000.
In order to better focus the inﬂuence of rainfall
intensity on both DSD and rainfall energetic character-
istics (Laws and Parsons, 1943; Carter et al., 1974;
Sauvageot and Lacaux, 1994; Jayawardena and Rezaur,
2000), the 42273 DSDs (named instantaneous DSDs)
were aggregated in intensity classes having width equal to
1mm/h, and 118 aggregated DSDs (named DSDs) were
obtained. For each class, the rainfall intensity was
calculated as average of the intensities of the instanta-
neous DSDs falling into the class. The 118 obtained
DSDs are characterized by intensity values ranging from
0.75 to 203.4mm/h (Figure 2).
Within each class, the number of instantaneous DSD
decreases as rainfall intensity increases, and, for
I>50mm/h, a single instantaneous DSD falls into each
intensity class (Figure 2). As an example, Figure 3 showsFigure 2. Number of drop size distributions (DSDs) falling in each class
versus rainfall intensity
Copyright © 2015 John Wiley & Sons, Ltd.three DSDs characterized by different intensities. For D
values greater than the median diameter, D50, the DSD
tends to move towards right occupying all possible
sampling diameters for increasing intensity values.
Below the median diameter (D<D50), the DSDs are
overlapped.
The DSDs were characterized by mean diameter, μ(D),
increasing with rainfall intensity for I≤15mm/h. For
I>15mm/hμ(D) is variable (0.07<μ(D)<0.17 cm), and
no trend with rainfall intensity can be observed
(Figure 4a).
In Figure 4b the standard deviation, σ(D), is represent-
ed against the rainfall intensity. For I<30mm/h, the pairs
(I, σ(D)) are close to a single increasing curve, while, for
I>30mm/h, σ(D) varies around a constant value roughly
equal to 0.07 cm.
The median diameter, D50, varies from 0.04 to 0.14 cm,
and it is independent of rainfall intensity (Figure 5).
Ninety percent of the pairs (I, D50) fall in the diameter
range 0.04–0.08 cm and are distributed around a constant
value equal to 0.06 cm. The pairs (I, D50) characterized
by 0.08<D50<0.14 cm are always referred to single
DSD.
The median volume diameter, D0, is plotted against
rainfall intensity in Figure 6 showing a similar trend to
σ(D) (Figure 4b). For rainfall intensity values less than or
equal to 40mm/h, D0 increases with rainfall intensity and
then it varies, from 0.19 to 0.34 cm, around a quasi-
constant value.
Figure 6 also shows the pairs (D0, I) available in
literature (Laws and Parsons, 1943; Carter et al., 1974;
Sauvageot and Lacaux, 1994). Taking into account that
the available measurements are carried out in different
geographical sites, we can conclude that the observed
trend of D0 values is independent of the geographical
area where the rainfall occurs. This trend can beHydrol. Process. 30, 2119–2128 (2016)
Figure 4. Mean diameter (a) and standard deviation (b) of drop size
distributions versus rainfall intensity
Figure 6. Median volume diameter of drop size distributions versus
rainfall intensity
2123ESTIMATING RAINFALL EROSIVITY BY AGGREGATED DROP SIZE DISTRIBUTIONSFigure 5. Median diameter of drop size distributions versus rainfall
intensity
Copyright © 2015 John Wiley & Sons, Ltd.analytically represented by the following empirical
relationship:
D0 ¼ 0:263 0:151 exp 0:047Ið Þ (15)
also plotted in Figure 6.
The Ulbrich’s distribution (Equation (6)) was ﬁtted to
each DSD. The two parameters, μ and Λ, were estimated
by the ML method, numerically solved, and by
momentum methods MM1 [Equations (9) and (10)] and
MM2 [Equations (13) and (14)].
Figure 7 shows, for each estimate method, ﬁtting of
Equation (6) to two DSDs corresponding to different
rainfall intensities. Fitting of Equation (6) gave satisfac-
tory results for the three methods of parameter estimate.
As it is expected, the ML method gives the best ﬁt, and
the momentum methods allow to obtain accurate results.
Figure 8 plots the ML estimates of Λ parameter versus
the corresponding parameter. The two parameters are
correlated with each other according to two different
relationships for I≤ 40mm/h and for I>40mm/h. Notice
that the pairs (μ, Λ) determining the relationship
I>40mm/h with μ>1 are all corresponding to D50
values greater than or equal to 0.08 cm (Figure 5). In other
words, excluding the pairs (μ,Λ) relative to D50≥ 0.08 cm,
the other points are near to the curve corresponding to
I≤40mm/h. The same results were obtained using MM1
or MM2 estimate methods.Hydrol. Process. 30, 2119–2128 (2016)
Figure 7. Examples of ﬁtting of Ulbrich’s distribution using ML (a), MM1
(b) and MM2 (c) parameter estimate methods
Figure 8. Comparison between μ and Λ parameters of Ulbrich’s
distribution obtained by ML method
Figure 9. Measured Pn/I values versus rainfall intensity
2124 F. G. CAROLLO, V. FERRO AND M. A. SERIOFor each DSD, the value of the measured kinetic power
Pn was determined by associating each diameter with the
terminal velocity estimated by Equation (2) (Ferro, 2001;
Carollo and Ferro, 2015). Figure 9 shows the ratio Pn/I
versus rainfall intensity. With a similar trend of D0 values,
Pn/I increases with rainfall intensity until I≈40mm/h.
For I>40mm/h, the ratio Pn/I becomes quasi constant.
This result agrees with the approach of Wischmeier andCopyright © 2015 John Wiley & Sons, Ltd.Smith (1978) establishing that Pn/I does not increase for
rainfall intensities greater than or equal to a limit value.
However, the limit value established in this investigation
(40mm/h) resulted signiﬁcantly less than the value
(76mm/h) proposed by Wischmeier and Smith (1978).
Notice that Wischmeier and Smith (1978) ﬁxed the limit
value equal to 76mm/h using the D0-I relationship of
Hudson (1971) and Carter et al. (1974) whose D0
measurements agree with the ones of this investigation
(Figure 6).
Figure 10 shows the comparison between the measured
Pn values with the ones calculated by Equation (4) using
ML (Figure 10a), MM1 (Figure 10b) and MM2
(Figure 10c) estimates of μ and Λ, respectively. In order
to estimate the kinetic power, the comparison between the
three applied parameter estimate methods allowed to
conclude that (i) using of ML method yielded the highest
mean error (10.1%), (ii) the MM1 method is characterized
by a systematic underestimate of Pn (mean error equal to
9.7%) and (iii) using of MM2 method allowed to obtain
the Pn values nearest to measured ones (mean error equalHydrol. Process. 30, 2119–2128 (2016)
Figure 10. Comparison between the measured values of Pn and those
obtained by Equation (4) using ML (a) MM1 (b) MM2 (c) parameter
estimate methods
Figure 11. Comparison between the measured values of Pn and those
obtained by Equation (4) using MM2.1 (a) MM2.2 (b) parameter estimate
methods
2125ESTIMATING RAINFALL EROSIVITY BY AGGREGATED DROP SIZE DISTRIBUTIONSto 2.3%). In this last case, only the 9.3% of measurements
are affected by an error greater than 5%.
The kinetic power was also calculated using MM2
method by imposing a constant value of D50 equal to the
average measured value, equal to 0.06 cm, (MM2.1) or
equal to zero (MM2.2). Figure 11 reporting the compar-
ison between the measured values of Pn and theCopyright © 2015 John Wiley & Sons, Ltd.calculated ones using the MM2.1 (Figure 11a) and
MM2.2 (Figure 11b) parameter estimates demonstrates
that an accurate estimate of D50 is not required for
calculating the rainfall kinetic power.
Using the reliable hypothesis D50 = 0, Equations (13)
and (14) give μ= -0.67 andΛ=3/D0, and thus, Equation (4)
becomes:
Pn ¼ 106 ρ 9:5
2
7:2
1 2
2D0 þ 1ð Þ3:33
þ 1
4D0 þ 1ð Þ3:33
" #
I
(16)
In other words, according to Equation (16), the DSD
measurements suggest that the ratio between kinetic
power and rainfall intensity depends only on median
volume diameter (Figure 12) conﬁrming that, in agree-
ment to Hudson (1971), ≪D0 is the best index for
understanding how drop size distribution is made up≫.
Figure 12 shows the ratio Pn/I versus D0 conﬁrming
that Pn/I is strictly related to the median volume diameter;Hydrol. Process. 30, 2119–2128 (2016)
Figure 12. Measured Pn/I values versus median volume diameter
Figure 14. Comparison between the Pn values calculated by MM2 method
according to Ulbrich’s approach and the ones obtained by MM2 method
according to Marshall and Palmer’s approach
2126 F. G. CAROLLO, V. FERRO AND M. A. SERIOin other words, the relationship Pn-I can be deduced by
the relationship D0-I. This circumstance conﬁrms the
results of Wischmeier and Smith (1978), which justiﬁed a
constant value of Pn/I above 76mm/h because D0 does
not increase when the rainfall intensity exceeded
76mm/h. In other words, the analysis carried out on
DSDs yielded to justify theoretically the Wischmeier and
Smith (1978) approach.
Figure 13 shows the comparison between the measured
Pn values with the ones calculated by Equation (16) in
which D0 was estimated by Equation (15). This last
approach gives a mean error equal to 5%, and 16.9% of
the measurements fall out the error band of 10%.
Uijlenhoet and Stricker (1999) demonstrated that the
exponential raindrop size distribution (Marshall and
Palmer, 1948), referred to the unit area and time, can be
expressed by Equation (1) with μ=0.67 if falling velocity
is estimated by relationship proposed by Atlas and
Ulbrich (1977) assuming V(D) proportional to D0.67.
Therefore, the Marshall and Palmer distribution can be
assumed formally identical to Equation (1) with μ=0.67.Figure 13. Comparison between the measured Pn values and the ones
calculated by MM2 method setting D50 = 0 and D0 calculated by Equation (15)
Copyright © 2015 John Wiley & Sons, Ltd.We can verify the reliability of Marshall and Palmer
distribution for estimating the rainfall kinetic power by
testing the applicability of Equation (4), for example using
theMM2method [Equations (13) and (14)], settingμ=0.67.
For μ=0.67 Equation (13) gives Λ=4.34/D0, while
Equation (14) yields to D50/D0 = 1.34/4.34≈0.31. Notice
that the measured ratio D50/D0 is not constant
(0.13<D50/D0<0.58), but its mean value is equal to
0.31.
Figure 14 shows the comparison between the kinetic
power values calculated by Equation (4) with μ= 0.67
and Λ= 4.34/D0 (Pn Marshall-Palmer) with the ones
(Pn Ulbrich) calculated by the MM2 method also plotted
in Figure 10c. The perfect agreement of the two Pn
estimating methods allows one to conclude that the
Marshall and Palmer (1948) distribution is reliable, as
well as Ulbrich’s law, for estimating kinetic power of the
measured rainfalls. Notice that using of the Marshall and
Palmer distribution implies the estimate of only one
parameter (Λ), and therefore, the momentum method
implies the use of a single statistical parameter (D0).
This circumstance conﬁrms that the ratio Pn/I depends
only on median volume diameter of raindrop size
distribution.
Further investigations in other climatic contexts are
necessary to validate the ﬁndings of the research reported
in this paper.CONCLUSIONS
Rain erosivity, i.e. the capability of rainfall to detach soil
particles, is the most important parameter for quantifying
erosion processes, and it can be represented by its kinetic
power. Kinetic power may be calculated by the DSD andHydrol. Process. 30, 2119–2128 (2016)
2127ESTIMATING RAINFALL EROSIVITY BY AGGREGATED DROP SIZE DISTRIBUTIONSthe relationship between terminal velocity and drop
diameter. One of the most applied drop size distribution
is the Ulbrich’s law. Combining Ulbrich’s law and the
relationship proposed by Ferro (2001), the kinetic power
can be theoretically deduced.
In this paper, disdrometer data, detected at Palermo in
the period June 2006–March 2014 and aggregated for
intensity classes having width equal to 1mm/h, were
presented.
The DSDs were characterized by a median volume
diameter that increases with rainfall intensity for rainfall
intensity values less than 40mm/h, and then it becomes
quasi constant. The analysis demonstrated that this trend
is independent of the geographical area where the rainfall
occurs.
The DSDs were used for testing the reliability of
Ulbrich’s distribution, estimating the two parameters by
both the maximum likelihood method and momentum
method. For each selected parameter estimate method, the
two parameters of Ulbrich’s law correlated according to
different relationships for I≤ 40mm/h and for I>40mm/h.
The kinetic power was determined by the measured
DSD, and, in agreement with the results of Wischmeier
and Smith (1978), the ratio between kinetic power and
rainfall intensity does not increase for rainfall intensity
values greater than a limit one. However, the limit values
established in this investigation (40mm/h) were signiﬁ-
cantly less than the one (76mm/h) proposed by
Wischmeier and Smith.
The measured kinetic power values were compared
with the ones calculated by Equation (4) for each
parameter estimate methods. Using of ML method
yielded the highest mean error, while the best perfor-
mance corresponds to momentum MM2 method, which
uses median diameter and median volume diameter for
estimating the two Ulbrich’s parameters [Equations (13)
and (14)].
Further analyses demonstrated that an accurate estimate
of the median diameter of DSD is not required for
calculating the rainfall kinetic power. In other words, the
ratio between kinetic power and rainfall intensity
depends only on median volume diameter conﬁrming
the results of Wischmeier and Smith (1978), who
justiﬁed a constant value of Pn/I for rainfall intensity
greater than a limit value (76mm/h) because median
volume diameter does not increase monotonically with
rainfall intensity. Therefore, the analysis carried out on
DSDs theoretically justiﬁed the approach of Wischmeier
and Smith.
Finally, the estimate of the kinetic power using the
Marshall and Palmer (1948) distribution resulted reliable
as well as Ulbrich’s distribution.
Further investigations in other climatic contexts have to
be carried out to validate the ﬁndings of this investigation.Copyright © 2015 John Wiley & Sons, Ltd.ACKNOWLEDGEMENT
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